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APPENDI X E
DESI GN EXAMPLES

1.0 DESIGN APPROACH FOR PLATE AND FRAME FI LTER PRESS
APPL| CATI ONS.

Follow ng is a typical approach and basic information that
is required for the design of a plate and frane filter press and
supporting systens for sludge dewatering.

a. Devel op sludge characteristics and performa nass
bal ance. This will identifying sludge characteristics and should
involve performng a material nmass bal ance anal ysis based on the
design flow rate around each treatnent process generating sl udge.
Fromthis analysis the follow ng information shoul d be obt ai ned:

Design flow rate of sludge generated per day.
Sl udge solids concentration.

A determ nation of whether the sludge requires
pretreatnment or is stabilized.

b. Determ ne the nethod of ultinmate sludge cake di sposal and
associated requirements. Fromthis determ nation the foll ow ng
i nformati on shoul d be obt ai ned:

I Maxi mnum al | onabl e noi sture content of the sludge cake.
I Design criteria fromthe concerned regul atory agenci es
i ncl udi ng any contam nant specific disposal criteria.

c. Evaluate existing or proposed treatnent site conditions,
such as space, and determne how this systemw || interface with
exi sting or proposed treatnment units.

d. Determ ne the need and/or type of conditioning required
for proper dewatering. For plate and frane filter press
applications this typically includes perform ng bench scale
and/or pilot scale testing to establish the type and dosages of
chem cal conditioning required, m xing requirenents, and reaction
peri od.

e. Devel op design data for the selection dewatering
equi pnent. Fromthis process the follow ng i nformati on shoul d be
obt ai ned:

Oper ati onal period.
Filter press solids-loading rate.
Cycle tine.
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f. Obtain manufacturers* catal ogs and equi pnent sel ection
gui des.

g. Evaluate operational characteristics of the equipnent,
i ncl udi ng energy requirenments, specialized maintenance
requi renents, performance reliability, and sinplicity of
oper ati on.

h. Prepare equi pnent design |ayout (i.e., engineering
drawi ng and details) and design analysis. The design anal ysis
shoul d include a detailed description of the dewatering process
and be supporting cal cul ations.

i. Prepare equi pnent guide specifications.

2.0 DESI GN EXAMPLES.

Foll ow ng are three exanples that follow the design approach
described in Section 1.0 of this Appendi x and design cal cul ati ons
presented in Appendix B. The design criteria presented in these
three exanples are primarily based on information presented in
Section 4.0 and other referenced sections of Appendi x A
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DESI GN EXAMPLE NUMBER 1

2.1 PURPGSE
To provide a design exanple and supporting cal cul ations for
si zing a sludge-dewatering system

2.2 ASSUMPTI ONS:
The foll owm ng assunptions and criteria are used for the
desi gn of the sludge-dewatering system

a. The characteristics of the sludge stream are given bel ow
Assuned type of sludge: Chem cal/biologica

Design liquid sludge flow 37,850 L/d (10,000 gpd)
Concentration of solids 2 percent

Specific gravity of feed 1.0

b. The mninumdry solids allowed in the sludge cake will be
30 wei ght percent.

c. A fixed-volunme recessed filter plate filter press system
W ll be used for this exanple. Typical ranges of design criteria
for this type of fitler press are presented in Sections 3 and 4
of Appendi x A of this ETL.

d. For this exanple it will be assuned that treatability
testing has been perfornmed and the foll owm ng design data were
obt ai ned:

Sl udge Cake Characteristics:

Cake Thi ckness = 32 mm (1. 25 inch)

Wet Cake Density = 1280 kg/ n? (80 | b/ft?3)

Oot i mum Chem cal Condi ti oni ng

Li me dosage (CaO = 10 wei ght percent of dried
Ferric chloride dosage (FeC]g)iOIIgSmeight percent of

dried solids

Dewat eri ng Equi pnent Requirenents:
Qperating Tine = 8 h/d, 5 d/wk

Cycle Tinme (Variable fl ow pressure systen)

Feed = 30 nm (1800 sec) at 172 kPa (25 psig)
Feed = 30 nm (1800 sec) at 345 kPa (50 psig)
Feed = 30 nm (1800 sec) at 517 kPa (75 psig)
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Feed = 1 mn (60 sec) at 690 kPa (100 psig)
Cake Di scharge 29 mn (1740 sec)
Tot al 120 mn (7,200 sec) or 4 cycles/d

e. The filter press systemw ||l be housed inside a building
that shall include the sludge storage tanks, sludge transport
equi pnent (i.e., punps), chem cal conditioning tanks, chem cal
feed equi pnment, chem cal storage, plate and frane filter press
assenbly, and filtrate and sludge cake managenent systens.

f. The nunber of filter units will be selected such that 100
percent of the design liquid sludge flowrate is filtered when
the largest single unit is out of service as described in
Subsection 7.3.2.1 of Appendix A. For this exanple it wll also
be assuned that the maximumfiltration capacity shall be 125
percent of the design capacity when all units are in operation.
Any additional specific optional features or supporting systens
(i.e., precoating, air blowng, and filter nmedia wash systens)
and associated sizing requirenents will be determ ned once the
filter press has been sel ected.

2.3 DESI GN CALCULATI ONS:

a. Determne Required Filter Vol unme
(1) Conpute total daily sludge solids generation rate:
(a) Daily sludge solids generation rate

[(37,850 L/d) x (0.02) x (1.0) x (1 kg/L)]
760 kg/d (1,670 Ib/d) dry solids

(2) Conpute total dry solids processed per day of filter
oper ati on:

Total dry solids dewatered = sludge+linme+ferric chloride

Sl udge solids = [760 kg/d x 7 d/wk]/[5 d/wk (operation)l

= 1064 kg/d

Lime (CaO = 1064 kg/d x (0.10) = 106 kg/d

Ferric Chloride = 1064 kg/d x (0.05) = 53 kg/d

Total dry solids per day = 1223 kg/d ~1230 kg/d (2,700 Ib/d)

(3) Conpute filter volume required per cycle
Filter volunme per cycle

[1230 kg/d] / [(4 cycle/d) x (1280 kg/nt) x (0.30)]
0.8 nt (29 ft3) of sludge/cycle

E-5
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b. Selection of Efficient Filter Unit

(1) Determine the Pressure Filter Sizes Available Fromthe
manuf acturer*s catal ogs, determ ne the sizes of various filter
units. Tabulate the filter area available with and w thout the
single largest unit. See Attached Table E-I.

(2) Select Proper Filter Unit
The nost efficient and nmanageable filter unit assenbly is the one
that has the fewest operating units and provides nearly 100
percent operating capacity when one unit is out of service , and
about 25 percent extra capacity when all units are in operation.
Based on this nmethod the proper unit selection from Table E-|
would be Unit F. This selection has a total of 4 units,
including 3 operating units and one standby unit. This assenbly
w Il provide 105 percent of the design daily requirenment when one
unit is not operating, and 140 percent of the design daily
dewat eri ng capacity when the standby unit is in operation.
Al though Unit D required the sanme nunber of units and has the
sane overall operating capacities, this selection is the maxi num
capacity of this size unit and would not allow for additional
future capacity, if necessary. A typical schematic |ayout of the
filter press units and supporting equi pnent is presented in
Figure E-1.

Al t hough the nmet hod presented provides a direct approach of
determ ning the optimal selection of the size and nunber of
requi red presses, an econom ¢ and technical evaluation of several
alternatives that achieve the m ni mum should be considered prior
to the final selection of the appropriate filter size and nunber
of associated units.
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(3) Supporting Systens

Based on the specific filter press selected, requirenents
for sizing supporting systens such as precoating, air blow ng,
and nedi a washing systens along with utility requirenents, wll
be determned fromthe information provided in Section 4.0 of
Appendi x A and from equi pnment manufacturers or suppliers.
However, for this exanple these requirements wll not be further
def i ned.

c. Sludge Storage, Conditioning, and Feed Systens

(1) Devel opnent of System Conponents

The fl ow schene, shown in Figure E-1 invol ves sludge
storage, conditioning, and feed systens. The associ ated design
criteria related assunptions are presented below are primarily
based on information presented in Section 4.0 of Appendi x A

(a) A sludge storage tank will be |ocated upstream of the
sl udge conditioning system

(b) A dry line storage and m xing systemw || be used
downstream of the sludge storage tank. This systemw || have the
capacity to store a 30 day supply of hydrated |inme, that wll be
provided in 45 kg (100 I b) bags in 96 percent purity. A hydrated
bagged |inme system was sel ected because of the low quantity of
lime required, as described in Subsection 4.6.1 of Appendix A
The dry linme will be fed in the required anount into a dilution
tank by two volunetric feeders. A 10 percent slurry of cal cium
hydr oxi de (CaOH,) by weight will be m xed prior to being netered
into the conditioning tank.

(c) Aferric chloride storage and m xing systemw || be
used downstream of the sludge storage tank. This systemw ||
have the capacity to store a 30 day supply of 40 percent ferric
chloride solution. The ferric chloride will be diluted to obtain
a 10 percent solution prior to being netered into the
condi tioni ng tank.

(d) A sludge transfer systemw ||l be used to punp the
sludge fromthe sludge storage tank to the conditioning tank. If
required, the sludge will pass through an in-line grinder prior
to sludge transfer punping system this in-line grinder wll
i nprove sludge m xing and fl ow characteristics and protect
downst ream punpi ng and dewat eri ng equi pnent.

(e) The conditioning systemw || consist of a conditioning
tank to which the sludge and conditioning chem cals are added and
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assuned to be conpletely m xed. The conditioned sludge will then
punped to the filter press units.

(f) The feed punp systemw || consist of punps with the
capacity to deliver the sludge to the filter press at the
follow ng pressure stepping conditions, as described in
Subsection 4.3.1 of Appendix A of this ETL: 30 nm (1800 sec) at
172 kPa (25 psig), 30 mm (1800 sec) at 345 kPa (50 psig), 30 mm
(1800 sec) at 517 kPa (75 psig), and 1 mm (60 sec) at 690 kPa
(100 psig).

(2) Conpute the size of sludge storage required:
Assune a provision for sludge storage for a 4 day period (GLUVRB
1990)

Vol unme of sludge to be stored = 37,850 L/d x 4 days
= 151,400 L (40,000 gallons)

Therefore a storage tank or tanks should be selected with a
capacity of 152,000 L or 152 n? (40,000 gallons) from
manuf act urer *s cat al ogs.

(3) Conpute the size of line storage facility required:

Provide a 30 day or 1 nonth storage. Assunme approxinmately
4. 33 wk/ no.

Lime required per 8-h day = 106 kg/d
Linme required per nonth = 106 kg/d x 5 d/wk x 4.33 wk/no
= 2,300 kg/nmo (5,070 I b/ no)
Assune use of hydrated linme at 96 percent purity.
For 30 day storage quantity of hydrated line required
= [(2,300 kg/m)/0.96] x [74(MNof Ca(OH),)/56( MV of CaO)]
= 3,170 kg/no (7,160 | b/ no)

Nunmber of bags of hydrated |inme needed per nonth
= (3,170 kg/nmo)/ (45 kg/ bag) = 71 bags/no

Therefore storage should be provided for 80 bags.

The capacity of the hydrated linme feed hopper should be
| arge enough to contain one day*s supply of line.

Bags needed per day = [71 bags/nmo]/((5 d/wk) x (4.33wk/no)]
= 4 bags/day
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Based of the bulk density of hydrated |ine of 480 kg/in® (30
I b/ft3) and allowi ng provisions for two hoppers to hold 2 bags of
hydrated |ime each.

Vol une required for each hopper =
[ (2 bags) x (45 kg/bag)]/[480 kg/in® = 0.2 in3(7 ft?3)

Ther ef ore each hopper shoul d have a m ni num capacity of 0.2
nt (7 ft3) and will feed linme into a mxing tank where, a 10
wei ght percent |inme slurry will be prepared prior to being
metered into the sludge conditioning tank.

(4) Conpute the size of the ferric chloride storage
facility required:

Provide 30 day or 1 nonth storage at operating condition.

Ferric chloride required per 8-h day = 53 kg/d
Ferric chloride required per nonth
= 53 kg/d x 5 d/wk x 4.33 wk/nmo = 1150 kg/no (2,530 I b/ no)

Assune use of ferric chloride at 40 percent purity with a
density of 1.45 kg/L (12 |b/gal).

For 30-d storage quantity of ferric chloride required
= [(1, 150 kg/nmo)/(0.40 x 1.45 kg/L] = 1990 L/mo (530 gal/no)

Therefore m ni mum storage shoul d be provided for 2000 L or 2
nt (550 gal |l ons).

(5) Conpute size of the sludge punp used prior the
condi tioni ng tank:

Assune the conditioning tank is connected to all the filter
process, and all the operating filters are fed at one tine.

Tot al sl udge punped per operating day
(37,850 L/d x 7 d/wk)/ (5 d/wk operating) = 53,000 L/d
(14, 000 gal /d)

unping rate per cycle (filling time 100 nm [ 6000 sec])
[ 53,000 L/d]/[(4 cyclelday) x (6000 sec/cycle)]
2.

2 L/'s (35 gpm

Inno

Therefore the total m nimumrequired punping capacity is 2.2
L/s (35 gpm. For this application a m ninumof two punps should
be provi ded, one operating punp and one standby punp. To size
t hese punps the system hydraulic (static and dynam c) head

E- 10
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requi renents would need to be determ ned based on specific system
requirenents in addition to a safety factor of 10 to 25 percent,
as described in Subsection 7.2.2.1 of Appendix A to overcone any
effects fromthe sludge such as it thixotropic properties. Using
the punp capacity and head, manufacturer*s catal ogs shoul d be
obt ai ned and the appropriate punp shoul d be sel ect ed.

(6) Conpute the size if the conditioning tank:

Assune use of an in-line conditioning tank with a 10 m nute
(600 sec) detention and m xing tine.

Vol unme required for conditioning tank
= 2.2 L/s x 600 sec = 1320 L (350 gallons)

Therefore a conditioning tank should be selected with a
m ni mum capacity of 1320 L or 1.32 n? (350 gallons). This
condi tioning tank should al so be equi pped with a m xer and | evel
switches to control the operation of the sludge and dilute
condi ti oning chem cal netering punps.

(7) Conpute the size of the sludge feed punps to the filter
presses:

Each filter press wll be equipped with one operating sludge
feed punp and one standby punp. The total quantity of
condi tioned sludge plus chem cal solution to the filter presses
fol | ows:

Sl udge quantity = 53,000 L/d

Water in linme at 10 percent solution =
[106 kg/d]/[(O0.1 x 1 kg/L)] = 1,060 L/d

Water in ferric chloride at 10 percent solution =
[ 53 kg ]/[( I x 1 kg/L)] = 530 L/d

Total quantity to be punped =
[ 53,000 + 1,060 + 530] L/d = 54,590 L/d
~ 54,600 L/d (14,440 gal/d)

Punping rate for each punp when 3 filter units are
operating = [54,600 L/s]/[(3 punps) x (4 cycles/day) x
(6000 sec/cycle)] = 0.76 L/s (12 gpm

Therefore the total m nimum punpi ng capacity for each

operating and standby punp is 0.76 L/s (12 gpn) at a filter press
pressure of 690 kPa (100 psig) (maxi mum pressure condition

E-11
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specified). However, prior to selection of the appropriate punp
any additional systemhead |osses in addition to safety factor
requi renents should be determ ned and conbined with the required
filter press pressure to determ ne the overall head requirenents.
Once this determnation is made, manufacturer*s catal ogs should
be obtai ned and an appropriate punp shoul d be sel ect ed.

d. Sludge Cake

(1) Conpute the total sludge dry cake solids:

The filter cake contains sludge solid, line, and ferric
chloride. For this exanple it will be assunmed that 100 percent of
the condition chemcals are incorporated into the sludge cake and
that the dewatering facility provides 98 percent solids capture.

Sl udge solids in cake = 0.98 x 1,060 kg/d = 1,039 kg/d
Lime solids in cake = 1.00 x 106 kg/d = 106 kg/d
Ferric chloride in cake = 1.00 x 53 kg/d = 120 kg/d
Total dry solids in sludge cake = 1,198 kg/d

~ 1200 kg/d (2,640 |b/d)
(2) Conpute the volunme of sludge cake and required storage:

The wet sludge cake has a bul k density of 1,280 kg/in® (80
Ib/ft3). For this exanple it will be assuned that the sludge wll
be discharged directly into a hopper for direct dunping into
transport trucks for offsite disposal and a 4 day vol une of
sl udge cake storage will be provided (G.UVRB 1900).

Vol unme of the sludge cake generated on a daily basis:
[ (1,200 kg/d)]/[(1,280 kg/nf) x (0.30)] = 3.1 n¥/d (110 ft3/d)

Vol ume of sludge cake storage required per press =
((3.1 nm/d) x (4-d)]/[3 filter press] = 4.1 n¥/ press

Therefore the volunme of the storage receptacle for each of
the 3 operating presses will be 4.1 n¥ (150 ft?3).

E-12
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e. Filtrate Quality

The filtrate generated in the sludge-dewatering process
shal |l be discharged into a sunp with a 1 day capacity of filtrate
and/ or conmbined with other treatnent process overflow streans. A
portion of this filtrate may then be either used in the filter
dewat eri ng process for sub-cycles, such as filter nedia
precoating, or returned to the headworks of the treatnent process
with the remaining filtrate.

(1) Conpute volunme of filtrate

Filtrate volunme = 53,000 L/d-[(3.1 nt¥/d) x (1,000 L/n¥)]
= 49,900 L/d

Water in lime solution = 1,060 L/d
Water in ferric chloride solution = 530 L/d
Total of return flow = 51,490 L/d

~ 51,500 L/d (13,600 gpd)

(Note that in addition to the itens |isted above, additional
of process water used in the dewatering system such as water
needed for filter media washing will need to be consi dered.
However, since these quantities are specific to the dewatering
equi pnent sel ected and are not included for this exanple.)

(2) Conpute total solids in the return flow

Total solids in conditioned sludge = 1,230 kg/d
Total solids in sludge cake = 1,200 kg/d
Difference total solids in return flow = 30 kg/d

(~70 | b/ d)

Therefore the sunp for this exanple should be sized to store
51,500 L or 51.5 n? (13,600 gallons) based on the 1 day
st orage basi s.

f. Design Details

A di agram of the design of the filter press assenbly is
presented in Figure E-1.

E- 13
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DESI GN EXAMPLE NUMBER 2

3.0 PURPCSE:
To provide a design exanple and supporting cal cul ations for
si zing a sludge-dewatering system

3.1 ASSUMPTI ONS:
The foll owm ng assunptions and criteria are used for the design of
t he sl udge—dewatering system

a. The characteristics of the sludge streamare given
bel ow

Assuned type of sludge: Biologica
Design daily liquid sludge flow
Concentration of solids
Specific gravity of feed

80, 000 L/day (21,100 gpd)
5 percent
1.0

b. The mnimumdry solids allowed in the sludge cake wll
be 25 wei ght percent.

c. A variable-volune recessed filter plate filter press
systemw || be used for this exanple. Typical ranges of design
criteria for this type of fitler press are presented in Sections
3 and 4 of Appendix A of this ETL.

d. For this exanple it wll be assuned that treatability
testing has been perfornmed and the foll owm ng design data were
obt ai ned:

Sl udge Cake Characteristics:

Cake Thi ckness = 32 mm (1.25 inch)

Wet Cake Density = 1120 kg/n? (70 |b/ft?3)

Oot i mum Chem cal Condi ti oni ng:

Lime dosage (CaO = 5 weight percent of dried solids
Organi ¢ Pol yner = 2 weight percent of dried solids

Dewat eri ng Equi pment Requirenents:

Qperating Tine = 8 h/d, 5 d/wk

Cycle Tinme

Feed = 20 mn (1200 sec) at 345 kPa (50 psig)
Conpr essi on = 15 mn (900 sec) at 1550 kPa (225 psiQ)
Cake Di scharge = 25 mn (1500 sec)

Tot al = 60 mn (3600 sec) or 8 cycles/d

E-14
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e. The filter press systemw || be housed inside a building
that shall include the sludge storage tanks, sludge transport
equi pnent (i.e., punps), chem cal conditioning tanks, chem cal
feed equi pnent, chem cal storage, plate and frane filter press
assenbly, and filtrate renoval and sl udge cake managenent
syst ens.

f. The nunber of filter units wll be selected such that
100 percent of the design liquid sludge flowrate is filtered
when the | argest single unit is out of service as described in
Subsection 7.3.2.1 of Appendix A For this exanple it will also
be assuned that the maximumfiltration capacity shall be 125
percent of the design capacity when all units are in operation.
Any additional specific optional features or supporting systens
(i.e., precoating, air blowng, and filter nedia wash systens)
and associated sizing requirenents will be determ ned once the
filter press has been sel ected.

3.2 DESIGN CALCULATI ONS:

a. Determne Required Filter Vol une
(1) Conpute total daily sludge solids generation rate:

Dai ly sludge solids generation rate
= [(80,000 L/d) x (0.05) x (1.0) x (1 kg/L)]
= 4000 kg/d (8,800 Ib/d) dry solids

(2) Conpute total dry solids processed per day of filter
oper ati on:

Total dry solids dewatered = sl udge+linme+pol yner

Sl udge solids = [4000 kg/d x 7 d/wk]/[5 d/wk (operation)]
= 5600 kg/d

Lime (CaO = 5600 kg/d x (0.05) 280 kg/d

Pol ymer = 5600 kg/d x (0.02) 112 kg/d

Total dry solids per day =5992kg/d ~6000 kg/d
(13,200 I b/d)

(3) Conpute filter volume required per cycle

Filter volunme per cycle
= [6000 kg/d]/[(8 cycle/d) x (1120 kg/n?) x (0.25)]
= 2.7 m (95 ft3 of sludge/cycle

b. Selection of Efficient Filter Unit

E- 15
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(1) Determne the Pressure Filter Sizes Avail able Fromthe
manuf acturer*s catal ogs to determ ne the sizes of various filter
units. Tabulate the filter area available with and w thout the
single largest unit. See Attached Table E-2.

(2) Select Proper Filter Unit
The nost efficient and manageable filter unit assenbly is the one
that has the fewest operating units and provides nearly 100
percent operating capacity when one unit is out of service, and
about 25 percent extra capacity when all units are in operation.
Based on this nmethod the proper unit selection from Table E-2
would be ItemD. This selection has a total of 5 units,
including 4 operating units and one standby unit. This assenbly
w Il provide 104 percent of the design daily requirenment when one
unit is not operating, and about 133 percent of the design daily
dewat eri ng capacity when the standby unit is in operation.
Al though Unit C has the sane nunber of units and has the sane
overal |l operating capacities, this selection is the nmaxi mm
capacity of this size unit and would not allow for additional
future capacity, if necessary. A typical schematic |ayout of the
filter press units and supporting equi pnent is presented in
Fi gure E-2.

Al t hough the nmet hod presented provides a direct approach of
determ ning the optimal selection of the size and nunber of
requi red presses, an econom ¢ and technical evaluation of several
alternatives that achieve the m ni mum should be considered prior
to the final selection of the appropriate filter size and nunber
of associated units. For exanple, by conparing different
alternatives in Table E-2, ItemC and Item D are both simlar for
the nunmber of units and operating capacities. However, although
ItemCis at its maxi mum size, it has sone additional capacity
(i.e., 105 percent) and would | ess expensive than Item D and nmay
be suitable if no additional capacity is required.

E- 16
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(3) Supporting Systens
Based on the specific filter press selected, requirenents for
Si zing supporting systens such as precoating, air blow ng, and
medi a washing systens along with utility requirenments, wll be
determined fromthe information provided in Section 4.0 of
Appendi x A and from equi pnmrent manufacturers or suppliers.
However, for this exanple these requirements wll not be further
defi ned.

c. Sludge Storage, Conditioning, and Feed Systens

(1) Devel opnent of System Conponents
The fl ow schenme shown in Figure E-2 invol ves sludge storage,
condi tioning, and feed systens. The associ ated design criteria
rel ated assunptions are presented bel ow are based on information
presented in Section 4.0 of Appendi x A

(a) A sludge storage tank will be |ocated upstream of the
sl udge conditioning system

(b) A dry line storage and m xi ng systemw || be used
downstream of the sludge storage tank. This systemw || have the
capacity to store a 30 day supply of hydrated |inme, that wll be
provided in 45 kg (100 I b) bags. The dry linme will be fed in the
required amount into a dilution tank by two volunetric feeders. A
hydrat ed bagged |inme system was sel ected because of the | ow
quantity of linme required as described in Subsection 4.6.1 of
Appendi x A. A 10 percent slurry of cal cium hydroxi de (CaOH,) by
weight will then be m xed and then be netered into the
condi tioni ng tank.

(c) A dry polynmer storage and m xing systemw || be used
downstream of the sludge storage tank. This systemw || have the
capacity to store a 30 day supply of dry polynmer supplied in 22
kg (50 I b) bags. The dry polynmer wll be fed in the required
anmount into a dilution tank by two volunetric feeders. A5
percent solution wll then be m xed prior to being netered into
the conditioning tank.

(d) A sludge transfer systemw ||l be used to punp the
sludge fromthe sludge storage tank to the conditioning tank. I|f
required, the sludge will be passed through an in-1ine grinder
prior to sludge transfer punping system This in-line grinder
will inprove sludge m xing and fl ow characteristics and protect
downst ream punpi ng and dewat eri ng equi pnent.

(e) The conditioning systemw || consist of a conditioning
tank to which the sludge and conditioning chem cals are added and
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assuned to be conpletely m xed. The conditioned sludge will then
be punped to the filter press units.

(f) The feed punp systemw || consist of punps with the
capacity to deliver the sludge to the filter press at the design
pressure of 345 kPa (50 psig) for 20 m nutes (1200 seconds).
After conpletion of the feed cycle, the conpression cycle wll
proceed by punping water at 1550 kPa (225 psig) for 15 m nutes
(900 seconds) behind the filter press diaphragns for inflation.

(2) Conpute the size of sludge storage required:
Assune provisions for sludge storage for a 4 day period
(GLUVRB 1990).

Vol unme of sludge to be stored = 80,000 L/d x 4 day
= 320,000 L (84,400 gallons)

Therefore a storage tank or tanks should be selected with a
capacity of 320,000 L or 320 n? (85,000 gallons) from
manuf acturer* s cat al ogs.

(3) Conpute the size of line storage facility required:

Provide a 30 day or 1 nonth storage and assune 4. 33 wk/no
and the use of hydrated linme at 90 percent purity.

Lime required per 8 h day= 280 kg/d (620 | b/d)
Linme required per nonth = 280 kg/d x 5 d/wk x 4.33 wk/no
= 6100 kg/nmo (13,430 | b/ np)

For 30 day storage quantity of hydrated line required
[ (6100 kg/m)/0.9] x [74 (MNof Ca(OH),)/56 (MW of CaO ]
8,960 kg/no (19, 740 | b/ mo)

Nunmber of bags of hydrated |inme needed per nonth
= (8,960 kg/no)/ (45 kg/ bag)= 199 bags/ no

Theref ore storage should be provided for 200 bags.

The capacity of the hydrated linme feed hopper shoul d be
| arge to contain one day*s supply of |ine.

Nunmber of bags needed per day = [199 bags/no]/ [(5 d/wk) X
(4.33 wk/mp) = 10 bags/ day

Based of the bulk density of hydrated |inme of 480 kg/n? (30

I b/ft3) and allowi ng provision for two hoppers to hold 5 bags of
hydrated |ime each.
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Vol une required for each hopper=
[ (5 bags) x (45 kg/bag)]/[480 kg/ nf]= 0.47 n?¥ (17 ft?3)

Ther ef ore each hopper shoul d have a m ni nrum capacity of 0.5
nt (17 ft3) and will feed lime into a m xing tank where, a 10
wei ght percent |inme slurry will be prepared prior to being
metered into the sludge conditioning tank.

(4) Conpute the size of the polymer storage facility
required:

Provide 30 day or 1 nonth storage.

Pol ymer required per 8-h day = 112 kg/d (250 | b/d)
Pol ymer required per nonth = 112 kg/d x 5 d/wk x 4.33
wk/nmo = 2425 kg/no (5,420 | b/ o)

Nunmber of bags of pol ynmer needed per nonth
= (2425 kg/no)/ (22 kg/bag)= 110 bags/ no

Theref ore storage should be provided for 110 bags.

The capacity of the polynmer feed hopper should be large to
contain one day*s supply of polyner.

Nunmber of bags needed per day = (112 kg/d)/ (22 kg/ bag)
= 5 bags

The bul k density of the polynmer is assuned to be 320 kg/in?
(20 I b/ft®) and the daily supply will be stored in two hoppers.

Vol une required for each hopper =
[112 kg/d)]/[2 x 320 kg/in® = 0.2 in®(7 ft?3

Ther ef ore each hopper shoul d have a m ni num capacity of 0.2
nt (7 ft3 and will feed polynmer to a mxing tank for preparation
of the 5 percent solution prior to being netered into the sludge
condi tioni ng tank.

(5) Conpute size of the sludge punp used prior the
condi tioni ng tank:

Assune the conditioning tank is connected to all the filter
process, and all the operating filters are fed at one tine.

Total sl udge punped per operating day =
(80,000 L/d x 7 d/wk)/ (5 d/wk operating)=112,000 L/d
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Punping rate per cycle (filling time 20 mn [ 1200 sec])
[112,000 L/d]/[(8 cyclel/day) x (1200 sec/cycle)]
12 L/s (185 gpm

Therefore the total mninmumrequired punping capacity is 12
L/s (185 gpm). For this application a m nimumtw punps shoul d
be provi ded, one operating punp and one standby punp. To size
t hese punps and the system hydraulic (static and dynam c) head
requi renents would need to be determned in addition to a safety
factor of 10 to 25 percent, as described in Subsection 7.2.2.1 of
Appendi x A, to overcone any effects fromthe sludge such as it
t hi xotropic properties. Using the punp capacity and head,
manuf act urer *s cat al ogs shoul d be obtained and the appropriate
punp shoul d be sel ect ed.

(6) Conpute the size if the conditioning tank:

Assune use of an in-line conditioning tank with a 10 m nute
(600 sec) retention and m xing tine.

Vol une required for conditioning tank
= 12 L/s x 600 sec= 7200 L (1,900 gallons)

Therefore a conditioning tank should be selected wwth a 7200
L or 7.2 n? (1,900 gallon) working capacity. This conditioning
tank should al so be equi pped with a m xer and | evel switches to
control the operation of the sludge and conditioning chem cal
met eri ng punps.

(7) Conpute the size of the sludge feed punps to the filter
presses:

Each filter press will be equipped with one sludge operating
feed punp and one standby punp. The total quantity of conditioned
sl udge plus chem cal solution to the filter presses foll ows:

Sl udge quantity= 112,000 L/d (29, 540 gpd)
Water in linme at 10 percent solution
= [280 kg/d]/[(0.1 x 1 kg/L)] = 2,800 L/d (740 gpd)

Water in polynmer at 5 percent solution
= [112 kg/d]/[(0.05 x 1 kg/L)] = 2,240 L/d (600 gpd)

Total quantity to be punped
= (112,000 + 2,800 + 2,240) L/d = 117,040 L/d (30,880 gpd)
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Punping rate for each punp when 4 filter units are
operating= [117,040 L/d]/[(4 punps) x (8 cycles/day) x (1,200
sec/cycle)]= 3 L/s (50 gpm

Therefore the total required punping capacity for each
operating and standby punp is 3 L/s (50 gpm at a filter press
pressure of 345 kPa (50 psig). However, prior to selection of the
appropriate punp any additional system head |losses in addition to
safety factor requirenents should be determ ned and conbined with
the required filter press pressure to determ ne the overall head
requi renents. Once this determ nation is made, manufacturer>*s
cat al ogs shoul d be obtained and an appropriate punp shoul d be
sel ect ed.

d. Sludge Cake

(1) Conpute the total sludge cake solids:

The filter cake contains sludge solid, |line, and pol yners.
For this exanple it will be assunmed that 75 percent of the

condition chemcals are incorporated into the sludge cake and
that the dewatering facility provides 95 percent solids capture.

Sl udge solids in cake = 0.95 x 5600 kg/d = 5320 kg/d
Lime solids in cake = 0.75 x 280 kg/d = 210 kg/d
Pol ymer solids in cake= 0.75 x 112 kg/d = 84 kg/d

Total dry solids in sludge cake = 5620 kg/d (12,370 | b/d)
(2) Conpute the volunme of sludge cake and required storage:

The sludge cake has a bulk density of 1120 kg/n¥ (70 Ib/ft?3).
For this exanple it will be assuned that the sludge wll be
di scharged directly into a hopper for direct dunping into
transport trucks for offsite disposal and a 4 day vol une of
sl udge cake storage will be provided.

Vol unme of the sludge cake generated on a daily basis
[ (5620 kg/d)]/[(1120 kg/n¥) x (0.25)] = 20 n? (710 ft3/d)

Vol unme of sludge cake storage required per press=
[(20 n¥/d) x (4-d)]/[4 filter press]= 20 n¥ press

Therefore the volunme of the storage receptacle for each of
the 4 operating presses will be 20 n? (710 ft?3).

e. Filtrate Quality

The filtrate generated in the sludge-dewatering process
shal |l be discharged into a sunp with a 1 day capacity of filtered
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an/ or conbined with other treatment process overflow streans. A
portion of this filtrate may then be either used in the filter
dewat eri ng process for sub-cycles, such as filter nedia
precoating, or returned to the headworks of the treatnent process
with the remaining filtrate.

(1) Conpute volune of filtrate

Filtrate vol une
= 112,000 L/d —[(20 nm?/d) x (1,000 L/n?¥)] = 92,000 L/d
Water in |ime solution 2,800 L/d
Water in polynmer solution 2,240 L/ d
Total of return flow = 97,040 L/d (25,600 gpd) or
1.1 L/s (18 gpm

(Note that in addition to the itens |isted above
addi tional of process water used in the dewatering system
mechani cal such as water needed for filter nedia washing, cake
extraction, and diaphragm|osses will need to be considered.
However, since these quantities are specific to the dewatering
equi pnent sel ected and are not included for this exanple.)

(2) Conpute total solids in the return flow
Total solids in conditioned sludge 5990 kg/d

Total solids in sludge cake 5620 kg/d
Difference total solids in return flow = 370 kg/d (815 | b/d)

Therefore the sunp for this exanple should be sized to store
97,100 L or 97 nB (25,600 gallons) based on the 1 day storage
basi s.

f. Design Details

A di agram of the design of the filter press assenbly is
presented in Figure E-2.
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DESI GN EXAMPLE NUMBER 3

4.0 PURPOSE

To provide a prelimnary design exanple assum ng that both

chem cal (netal hydroxide) and biol ogi cal sludge are generated
froma contam nated water source. This exanple is limted to the
selection of the press. Once this determ nation is made, the

cal cul ations for supporting equi pnent can be perforned, as
denonstrated i n Exanpl es #1 and #2.

4.1 ASSUMPTI ONS:
The foll owm ng assunptions and criteria are used for the design of
t he sl udge-dewatering system

a. The characteristics of ground water to be treated:

(1) Assuned type of ground water contam nation: Landfil
| eachate containing heavy netals (i.e., chromum and organics
(i.e, volatiles and semvolatiles). Specific influent
characteristics:

Chr om um (Hexaval ent) =10 ng/L (required effluent 0.02 ng/L)
BOD,=900 ng/L (required effluent 30 ng/L)
COD=1, 600 ng/ L

(2) Design influent flow = 6.3 L/s (100 gpm

b. For this application it is assunmed that the contam nated
ground water is first treated to renove the netals by a
reduction, flocculation, and clarification process which results
in the generation of a netal hydroxide sludge. Follow ng netals
removal the ground water is then treated to renoved organics
contam nation by an activated sl udge process which generates
bi ol ogi cal sludge. The two separate sludge streans generated are
then sent to separate filter presses. fixed-volune recessed
filter plate filter press systemw || be used.

c. For this exanple it is assunmed that treatability testing
has been perfornmed and the foll ow ng data were obtai ned:

(1) Metal Hydroxide Sl udge:
Sl udge Feed Characteristics:

Concentration of Solids = 1 percent
Sol i ds Production 70 ng/ L
Specific Gavity 1.0

Sl udge Cake Characteri sti
Cake Thi ckness
Wet Cake Density

S:

32 mm (1. 25 inch)
1200 kg/ m? (75 | b/ft?3)

e i
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M ni mum sol i ds = 30 percent
Opt i mum Chem cal Condi ti oni ng:
Pol yrer = 1 weight percent of dried solids

(2) Biological Sludge:

Sl udge Feed Characteristics:

Concentration of Solids = 2 percent

Li quid Sl udge Stream

(i ncludes influent and recycle streans) = 10,900 L/d (2 gpm
Specific Gavity = 1.0

Sl udge Cake Characteristics:

Cake Thi ckness 32 mm (1. 25 inch)

Wet Cake Density 1120 kg/ nB (70 | b/ft?3)

M ni mum sol i ds 30 percent

Oot i mrum Chem cal Condi ti oni ng:

Lime (CaO = 30 weight percent of dried solids

d. Fixed—volune recessed filter plate filter press systens
be used for this exanple. Typical ranges of design criteria

for this type of filter press are presented in Sections 3 and 4
of Appendix A of this ETL. For each type of sludge the follow ng
filter press information applies (See Table A-4, Appendix A):

(1) Metal Hydroxide Sl udge:
Cycle Tinme = 240 mnutes (maxi mum 4 cycl es per day)
Qperating Pressure = 690 or 1550 kPa (100 or 225 psi)

(2) Biological sludge (assune industrial type):
Cycle Tinme = 240 mnutes (maxi mum 4 cycl es per day)
OQperating Pressure = 1550 kPa (225 psi)

4.2 DESI GN CALCULATI ONS:

a. Determne Required Filter Vol une:

Met al Hydroxi de Sl udge:

(1) Conpute total daily sludge solids generation rate:
Determne the daily solids flow rate:

[(Influent flow rate) x (total solids to be renoved)]

[(6.3 L/s) x (70 nmy/L)] x [(10°°® kg/ny) x (86,400 sec/d)]
38 kg/d (84 Ib/d) dry solids

Total sludge flow rate:
[(Solids flowrate)/(Solids in Feed)]/[Density of Sludge] =
[ (38 kg/d)/(0.01)]/[! kg/L]=3800 L/d (1000 gal/d)
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(2) Conpute total dry solids processed per day of filter
oper ati on:

Sl udge solids = [38 kg/d x 7 d/wk]/[5 d/wk (operation)]

= 53 kg/d

Pol ymer = [168 kg/d x 0.02] 1 kg/d

Total dry solids per day (sl udge+pol yner) 54 kg/d (120
| b/ day)

(3) Conpute filter volunme required per cycle (Assune a
m nimum of 1 cycle to be perforned each day)

Filter volune per cycle
[54 kg/d] / [(1 cycle/d) x (1200 kg/nB) x (0.30)]
0.15 n¥ (5.3 ft3) of sludge/cycle

Bi ol ogi cal Sl udge:

(1) Conpute total daily sludge solids generation rate:
Total sludge flowrate = 10,900 L/d

Determne the daily solids flow rate:

[(Influent sludge flowrate) x (solids in feed)]
= [(10,900 L/d) x [(0.02) x 1 kg/L]]

= 220 kg/d (480 Ib/d) dry solids

(2) Conmpute total dry solids processed per day of filter
oper ati on:

Sl udge solids = [220 kg/d x 7 d/wk]/[5 d/wk (operation
period)] = 308 kg/d

Lime = [308 kg/d x 0.30] = 92 kg/d

Total dry solids per day = sludge+linme = 400 kg/d
(880 | b/ day)

(3) Conpute filter volunme required per cycle (Assune a
m nimum of 1 cycle to be perforned each day)

Filter volunme per cycle
[400 kg/d] / [(1 cycle/d) x (1120 kg/in® x (0.30)]
1.2 (42 ft3) of sludge/cycle

This is a rather large press for only one cycle per day;
therefore, it wll assuned that at |east 2 cycles per day would
be performed. The filter press volunme required would then be
reduced by half to 0.6 n? (21 ft?3).
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b. Selection of Efficient Filter Unit
(1) Determne the Pressure Filter Sizes Avail abl e:

From t he manufacturer*s catal ogs determ ne the sizes of
various filter units. Using the basis of the nost efficient and
manageable filter unit assenbly is the one that has the fewest
operating units and provides nearly 100 percent operating
capacity when one unit is out of service, and about 25 percent
extra capacity when all units are in operation tabulate the
filter area available with and wi thout the single |argest unit
for both sludge streans.

Met al Hydroxi de Sl udge

Based on this nethod, the proper unit selection from
information conplied in Table E-3 would be Item B. This selection
has a total of 2 units, including 1 operating units and one
standby unit. This assenbly will provide 133 percent of the
design daily requirenent when one unit is not operating, and
about 267 percent of the design daily dewatering capacity when
the standby unit is in operation.

Met al Hydroxi de Sl udge

Based on this nethod, the proper unit selection from
information conplied in Table E-4 would be Item B. This selection
has a total of 2 units, including 1 operating units and one
standby unit. This assenbly will provide 133 percent of the
design daily requirenent when one unit is not operating, and
about 267 percent of the design daily dewatering capacity when
the standby unit is in operation.

Al ternative Approaches

Because of the small anmount of sludge being generated for
the nmetal hydroxide sludge, two potential alternative approaches
for providing redundancy coul d be used. The first approach would
be to be to only provide redundancy for the biological sludge
stream and use the standby press for both sludge streans or just
providing the two presses. Another approach would be to obtain
only the two presses required for the biological sludge and using
one press for as the primary press for the sludge and using the
other for primary press for the netal hydroxi de sludge (using a
bl anking plate to reduce the volune) and as a standby press for
t he bi ol ogi cal sludge stream Using either of these approaches
woul d provide a nore econoni ¢ approach to conplete the required
oper ati on.

c. Additional Cal cul ati ons
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Based on the infornmation presented above, additional
cal cul ations shoul d be perforned for sludge storage,
condi tioning, feed systens, sludge cake storage, and filtrate
storage. These types cal cul ations should follow the guidelines
exanpl e cal cul ati ons shown in Exanples #1 and #2. |In addition to
t hese cal cul ati on, based on the specific filter press sel ected,
requi renents for sizing supporting systens such as precoating,
air blow ng, and nedia washing systens along with utility
requirenents, will be determned fromthe information provided in
Section 4.0 of Appendi x A and from equi prent manufacturers or
suppliers.
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